p75-mediated neuroprotection by NGF against glutamate cytotoxicity in cortical cultures.
Accumulating evidence suggests that the neurotrophin receptors, Trks and p75, play distinct roles in regulating cells survival and death, with Trks important for cell survival, and p75 acting to induce cell death. Here, we provide evidence that, in neuronal cultures from rat cerebral cortex, nerve growth factor (NGF) exerts neuroprotective actions via p75. Incubating cultures with NGF for 1-24 h protected cortical neurons from delayed cytotoxicity induced by brief exposure to glutamate. Delayed neurotoxicity induced by a calcium ionophore, ionomycin, or nitric oxide (NO) donors such as S-nitrosocysteine (SNOC) and 3-morpholinosydnonimine (SIN-1), was also attenuated by pretreatment with NGF. RT-PCR analysis revealed the presence of p75 and trkB transcripts in cortical cultures, but did not detect transcripts of trkA, a high-affinity receptor for NGF. Brain-derived neurotrophic factor (BDNF), but not NGF, induced tyrosine phosphorylation of Trks, indicating that NGF does not activate Trks in cortical neurons. Concurrent application of anti-p75 neutralizing antibody markedly reduced the neuroprotective effect of NGF, but resulted in only a modest reduction of that of BDNF. BDNF-induced neuroprotection, but not NGF-induced neuroprotection, was inhibited by a protein synthesis inhibitor cycloheximide. Distinct signaling pathways mobilized by NGF and BDNF were also revealed in that NGF but not BDNF stimulated significant production of ceramides, whereas BDNF but not NGF caused persistent activation of mitogen-activated protein kinases. These results indicate that, although NGF and BDNF both protect cortical neurons from excitotoxicity, the mechanisms involved in their effects are totally different. The present results are, to our knowledge, the first to demonstrate the principal involvement of p75 in cytoprotective actions of neurotrophins.